Antibodies associated with infection by lung mites (Pneumonyssus simicola) in rhesus monkeys were measured by passive hemagglutination methods. Tanned human Rh negative 0 red blood cells or sheep red blood cells coated with soluble acarine antigens were used to detect mite-specific antibodies. Large quantities of host-specific mite antigens (P. simicola) were difficult to obtain, so free-living mite species such as Dermatophagoides Jarina, Acarina sheldonii, and Tyrophagus putrificiensis were also utilized. Although the best serological specificity and sensitivity were obtained with P. simicola and its derivatives (1:640), several free-living acarine species were useful in detecting antibodies to mites. Skin tests carried out on a limited number of animals were positive for both immediate and delayed hypersensitivity.
Antibodies associated with infection by lung mites (Pneumonyssus simicola) in rhesus monkeys were measured by passive hemagglutination methods. Tanned human Rh negative 0 red blood cells or sheep red blood cells coated with soluble acarine antigens were used to detect mite-specific antibodies. Large quantities of host-specific mite antigens (P. simicola) were difficult to obtain, so free-living mite species such as Dermatophagoides Jarina, Acarina sheldonii, and Tyrophagus putrificiensis were also utilized. Although the best serological specificity and sensitivity were obtained with P. simicola and its derivatives (1:640), several free-living acarine species were useful in detecting antibodies to mites. Skin tests carried out on a limited number of animals were positive for both immediate and delayed hypersensitivity.
Pulmonary acariasis is very common in macaques, and the prevalence approaches 100%/ both in newly imported and in laboratory-maintained animals (5, 6, 8; Table 3 ). Infection with the lung mite Pneumonyssus simicola was recognized by Banks as early as 1901 (1). Diagnosis of the infection depends on finding the characteristic lesions at necropsy; clinical symptoms, radiological examination, and hematological tests are not sufficiently specific for the diagnosis of this infection (8) . In a search for a serological diagnostic method, several procedures were tested for their capacity to detect antibodies to mite antigens. A modified passive microhemagglutination test was found consistently to yield positive results in infected animals and negative results in uninfected animals.
MATERIALS AND METHODS
Source and preparation of antigens. P. simicola were extracted by forceps from lung mite nodules seen in the Formalin-fixed infected lung tissues; at least 500 adult mites were collected by incising and teasing lung mite nodules in heavily infected lungs. These were washed two to three times with buffered cold saline before extracting, but it is likely that many of the yellowish pigments associated closely with mite lesions were not washed off. Since it is extremely hard to obtain sufficient quantities of host-specific mites, cultures of related mites such as Dermatophagoides farina, Tyrophagus putrificiensis, Acarina sheldonii, and others were also used for testing. These free-living mites were reared in the laboratory and harvested after several life cycles had been completed.
Source of antisera. Monkey sera and lung tissues were obtained from 10 rhesus monkeys from the colony at San Juan, Puerto Rico, sacrificed for another purpose. Examination of lung tissues confirmed the diagnosis of mite infection in all 10 monkeys. The sera were air-mailed in dry ice to Baltimore. The lung tissues were fixed en bloc in 10% buffered Formalin.
Twenty-nine control monkey sera collected freshly from macaques born and raised in this country and known to be free from pulmonary acariasis were obtained from S. Sibinovic at Bionetics Research Laboratories, Kensington, Md. (16) . Additional adult monkey and other sera were obtained from various sources; sera from free-living rhesus monkeys from India were obtained from K. V. Shah, Department of Pathobiology, Johns Hopkins University (15); some control sera were obtained from Primate Imports Co., Long Island, N.Y., and from Microbiological Associates, Bethesda, Md.
Test procedure. All antigens were prepared by soaking approximately 0.5 g of mites in buffered saline (pH 7.2) for several days at 4 C, homogenizing the preparation with mortar and pestle, and then mixing with about 25 ml of freshly prepared buffered saline (PBS). The homogenate was further broken up by freezing and thawing several times in dry ice-alcohol mixtures. After centrifugation at 2,000 rev/min for 15 min, the supernatant fluid was removed and kept at 4 C. This crude mite extract contained approximately 55 mg of protein per ml and was used for coating 137 138 KIM, BANG, AND DiGIACOMO tanned red blood cells. The optimal dilution of antigen was initially determined by block titration against a specific immune serum and a negative serum. The highest dilution of antigen yielding the highest serum titer was considered as the optimal antigen concentration. Indicator cells were prepared either from Rh-negative human 0 red cells or sheep cells. Cells which had been stored at 4 C in Alsever's solution for less than 1 week were used. The cells were treated with tannic acid according to previously described methods (3, 11) and were then washed with a saline solution containing 0.1% bovine albumin prepared at pH 6.4. The antigen-sensitized cells and controls were treated according to the procedure described by Kagan et al. (10) . The hemagglutination tests were done in U-shaped microtiter plates. All monkey sera were absorbed for 30 min at room temperature with either sheep cells if tested with sheep-sensitized cells or vice versa. The treated sera were diluted in PBS containing 1: 100 normal heat-inactivated rabbit sera. Twenty-five INFECT. IMMUNITY microliters (0.025 ml) of either the 2% antigen-tagged or control red blood cell suspension was added to an equal amount of each serum dilution. The test was read within 3 to 4 hr with the help of a reflecting mirror. The sera were randomly tested, and titers were determined without reference to knowledge of the source of the sera. Certain sera used as standard were tested as many as six or seven times and in most instances showed no more than twofold variation in titers with different batches of sheep and human red blood cells originating from the same source.
RESULTS
Sera from monkeys with known lung mite infections were used in tests against red blood cells coated with P. simicola and D. farina extracts. The extent of mite lesions was determined by counting lung mite nodules at the pleural surface and by histopathological examination. The serological Since the animals were not sacrificed at the time of blood collection, the specificity of the test could not be confirmed. In addition, 10 sera obtained from African green monkeys which died as a result of bacterial infection were negative, whereas six adult baboon sera collected in East Africa showed serological titers of 1:32. The incidence of pulmonary acariasis in baboons (Papio sp.) is extremely high (12) .
Skin testing. To correlate antibody response to in vivo hypersensitivity reactions in monkeys, a limited number of freshly imported animals was used. Three animals of six were found to have positive titers for immediate and delayed skin test reactions after injection in the ventral abdomen of 0.1 ml of mite extract from P. simnicola and D. farina. Histological sections of the lesions of delayed hypersensitivity showed a marked mononuclear cell infiltration in the intradermal region. Mite infection was confirmed by examining lung tissues by histological means. Sera from each of the skin test-positive animals gave serological titers of 1 :16. Similar skin testing done with 25 macaques born, raised, and quarantined at Bionetics Research Laboratories was consistently negative. In addition, sera obtained before skin testing and after testing yielded negative serological titers.
DISCUSSION
Invasion of the lungs by the mite P. simZicola is very common in old-world monkeys including baboons. Almost all individuals are affected. The autopsy incidence of lung mite disease as reported between 1907 and 1967 by various investigators has been consistently high (Table 3 ). The occurrence of this infection complicates biomedical research in monkeys, especially cardiopulmonary research involving long-term follow-up of animals. This disease causes a marked damage of the lung tissue as shown in Fig. 2 . Marked dystrophy of bronchial cartilage, obstruction of bronchioles, bronchiectasis, epithelial metaplasia, smooth muscle hypertrophy, multinucleated giant cell formation, striking lymphoid hyperplasia, and marked embedding of pigments characterizing the lesions associated with the mites are the histological features of this infection. The (2) . Cross-reaction with nasal mites, which are highly prevalent among oldworld monkeys (4, 12) , probably does occur, but block titrations with rabbit immune sera against ticks and mosquitoes show that D. farina is highly specific and also show a distinct antigenicity, although at lower serological titers cross-reactions occurred. In an attempt to develop an immunological test for infection with lung mites, immunodiffusion, tube agglutination, flocculation, direct hemagglutination, and complement fixation tests with sera obtained from various sources were tried, but no conclusive data were obtained. However, the passive microhemagglutination test from the beginning yielded consistently positive results with sera from infected animals.
Crude nonfractionated mite antigens were intentionally used to search for a wide range of antibodies associated with internal acarine parasites. It is apparent that both the mites themselves and excretory materials from them could act as allergens. Very little is known about immunity caused by acarine parasites.
Ishizaka et al. (9) have demonstrated that serum from monkeys infected with lung mites produces a visible precipitate reaction with goat anti-human immunoglobulin E (IgE) sera. In our experiments, sera of monkeys known to be free from lung mites also reacted with anti-human IgE as did lung mite-infected monkey sera; therefore, this does not seem to be diagnostic of lung mite infection.
Nonhuman primates are being used for organ transplantation experiments and for physiological study of the cardiovascular-pulmonary system. Thus, standardization of nonhuman primates for biomedical research becomes increasingly important. Imported Old World monkeys are universally infected with respiratory mites. Occasionally, there is concomitant tuberculosis. Although isolation of newly imported animals for extended periods of time eliminates certain nematode, trematode, and protozoan infections (14) , it does not eliminate lung mite infection (13) . A specific serological test is therefore important in determining the presence of mite infections.
